The paper presents the results of thermoanalytical studies by TG/DTG/DTA, FTIR and GC/MS for the oil sand used in art and precision foundry. On the basis of course of DTG and DTA curves the characteristic temperature points for thermal effects accompanying the thermal decomposition reactions were determined. This results were linked with structural changes occurred in sample. It has been shown that the highest weight loss of the sample at temperatures of about 320°C is associated with destruction of C-H bonds (FTIR). In addition, a large volume of gases and high amounts of compounds from the BTEX group are generated when liquid metal interacts with oil sand. The results show, that compared to other molding sands used in foundry, this material is characterized by the highest gaseous emissions and the highest harmfulness, because benzene emissions per kilogram of oil sand are more than 7 times higher than molding sand with furan and phenolic binders and green sand with bentonite and lustrous carbon carrier.
Introduction
The interaction of liquid metal with molding sand leads to many physicochemical changes. Their effect among others, is thermal destruction of the binder, which causes the emission of gases [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The composition of this gases and its harmfulness depends on many factors, mainly on the binder type (resin, hardener), molding sand composition (amount of binder, reclaim participation), contact time with high temperature to knocking out casting from mold [13, 14] . This information can be helpful during planning of reclamation treatments of waste molding sands, because they allow to choose the correct temperature of thermal reclamation processes, which can be very important in energy management in foundry [15] [16] [17] [18] [19] .
The assessment of molding sands in range of its harmfulness to the environment and working conditions for employees in the foundry industry is made by the determination of emissions of compounds from BTEX group (benzene, toluene, ethylbenzene, xylenes) and PAH's (polycyclic aromatic hydrocarbons), which are considered as an indicator of the harmfulness of molding and core sands. The total volume of gases generated during the thermal destruction of the binder is also important, because it can influence on the formation of defects in castings [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] .
The aim of this work was the assessment of temperature influence on changes in the oil sand, designed for artistic and precision casting, in terms of structural changes and BTEX compounds emission.
For many years, the assessment of the harmfulness of foundry molding sands has been the subject of studies conducted by researchers from Faculty od Foundry Engineering -AGH.
Materials for research
The investigation were conducted for oil sand mixture consists of fine silica sand grains and oil binder. The molding sand was delivered by manufacturer as a product ready for use. The safety data sheet does not specify the diameter of the sand grains or qualitative and quantitative composition of molding sand (e.g. the type and proportion of binder and other additives). Characteristic for this material is no drying effect and ability to rebonding (refreshing) of its properties by adding a sufficient amount of fresh additives. It is designed for making molds for thin-walled castings, of which require high dimensional accuracy. Similarly to the other molding sands with a high degree of grain matrix dispersion, this material is characterised by low permeability, which should be taken into account during preparation of casting molds (by planning suitable amount of vents).
Research methodology
In the first step of research, sample of oil sand was subjected to the thermal analysis. Test was performed by using Thermal Analyzer produced by Jota. The temperature range of test was 20-1000°C and a heating rate was of 10°C/min., in oxygen atmosphere. Obtained results, mainly characteristic temperature points, were important information for planning structural studies by FTIR transmission technique, which were conducted in the conditions corresponding to occurrence heating effects on TG/DTA curves. Preparation of the samples for studies consisted in heating of material in a laboratory oven at the same heating rate as during of the thermal analysis (10°C/min). At the next stage, investigation of gas emission at the test stand developed at the Faculty of Foundry Engineering AGH [32] (Fig. 1) was carried out.
A molding sand sample, of known mass was placed in a steel tube (special designed holder). Tube with molding sand was placed in the cavity of the mold in such a way to ensure contact the entire surface of sample with the liquid metal. The mold was pouring with cast iron at 1350°C. Gas samples for GC-MS analysis were collected on activated coal bed, which was then extracted with dimethyl ether. The research was aimed at determining the total volume of gases and amounts of BTEX compounds generated from sample. TG/DTG/DTA curves indicated the occurrence of the endothermic effect of heat at a temperature of about 90°C combined with a low weight loss. In a further step of sample heating, reactions with heat releasing were observed in the range of 200-400°C, with a maximum of changes at 330°C, accompanied by the largest loss of mass. A second weight loss of 450-750°C on the DTG curve was also recorded with a maximum of changes at temperature about 520°C. It is connected with a small endothermic effect. The total weight loss of the sample is 4.92%, which indicates that the total content of the oil binder in the molding sand was about 5 parts by mass. Figure 4 shows the IR spectrum of the oil sand at the initial state and spectra of molding sand after heating at the characteristic points determined by the thermal analysis.
Research results and their analysis
IR spectra of oil sand the characteristic bands for quartz sand (1043, 777, 691, 520, 460 cm -1 ) were noticed. The occurrence of bands at wave number 2924 cm -1 and 2853 cm -1 was indicated the presence of C-H vibration from organic additives. The bands characteristic for organic compounds were indicated also in the range 2000-1450 cm -1 . At a temperature of about 70°C was observed weaken the intensity of band 3429 cm -1 , which may be associated with an endothermic heat effect on the DTA curve and a few percentage weight loss (DTG curve) associated with evaporation of water. At a temperature of 320°C was noticed the greatest loss of weight, which was evidence of thermal degradation of organic additives and was confirmed in the obtained IR spectrum (Fig. 4, spectrum c) . At this temperature, the vibrations of C-H (2924 and 2853 cm -1 ) and the deformation band at 1466 cm -1 have disappeared.
This was an exothermic reaction which occurs to a temperature of 450°C. In addition, the difference in the half-width of the main band at 1043 cm -1 can be indicated This change, which was observed further in the higher temperature accompanied also with intensity weakening of the band at 520 cm -1 and the change of intensity ratio of 1043 cm -1 to 777 cm -1 and 690 cm -1 . This change can be combined with the polymorphic transformation of β-quartz into α-quartz. At about 560°C a endothermic thermal effect was recorded, which can be bound possibly from dehydroxylation of the binder components. This is evidenced by the disappearance band with maximum at 3623 cm -1 (Fig. 4, spectrum e) . The study involved also chromatographic analysis of selected thermal decomposition products (mainly aromatic hydrocarbons from BTEX group, it means benzene, toluene, ethylbenzene, xylenes) of oil sand for artistic and precision foundry.
Measurement methodology was developed based on literature review and own research [34] [35] [36] [37] [38] [39] [40] .
Substances were extracted from adsorption columns by means of diethyl ether. Products of pyrolysis were separated on a Rxi5Sil MS column (30 m length, 0.25 mm diameter). Helium (flow: 1 ml/min) was used as a carrier gas. The column was installed in a Focus gas chromatograph (Thermo Scientific, USA). In the research, a temperature program used for analysis was applied: an initial temperature of 40°C was held for 2 min; ramped 10°C/min and up to 150°C, and then 150°C was maintained for 10 min. Chromatograms were recorded by a ISQ (Thermo Scientific, USA) single quadrupole mass spectrometer in the range 30-400 m/z. Electron ionisation (EI) at a temperature of 250°C was applied, electron energy -70 eV. Table 1 shows results of gases emission from oil sand, in terms of overall emissions of gases during pouring of molten metal and emission of compounds from BTEX group. Table 2 gives a summary of the emissions for different types of molding sands. It was prepared on the basis of results of the author's own studies and data available in the literature. Explanation of a shortcuts: 1 -oil molding sand (total content of binder about 5 parts by mass); 2 -green sand with bentonite (content of bentonite-lustrous carbon carrier mixture about 8 parts by mass -the sample in the dry state); 3 -molding sand with phenol resin (total content of binder about 1.5 parts by mass); 4 -molding sand with geopolymer binder system (total content of binder about 2.2 parts by mass). Pouring molten metal into mold prepared on basis of oil sand was associated with higher gas emissions compared to other types of molding sands. In result of the decomposition of binder, from this molding sand were emitted approx. 5 times more gases than from the popular green sand with bentonite and nearly 10 times more gases than from molding sand with geopolymer binders. The use of fine-grained matrix required the introduction of more binder, due to the high surface development and caused much higher gaseous emissions. However, this molding sand apart from the high emissivity of gases, was also highly harmful. Oil sand emitted a large amount of benzene to the environment (per 1 kg of molding sand) -approx. 7 times more than the green sands and molding sands bonded by phenolic binder.
After conversion into 1 part of mass of binder emission of benzene from oil binder is more than 11 times higher that of the bentonite with carbon carrier mixtures and more than 2 times higher than phenolic resin. Compared to geopolymer binder the oil binder emitted more than 30 times higher harmful benzene.
The studies discussed in this paper presents measurements for an extremely unfavourable case. The entire volume of the sample was gasified, which does not occur in real condition in the mold. However, this molding sand type is intended for artistic and precision casting, where casting process is carried out of alloys at a lower temperature (e.g. aluminium alloys) and gas emissions will be significantly lower. Reducing emissions can also favour the rapid removal of castings from the mold to limiting the thermal impact of the liquid metal with molding sand.
Figures 5 and 6 illustrate the volume and kinetics of gas emissions from oil sand during liquid metal pouring. 
Conclusions
Based on the obtained results, the following conclusions can be drawn:
• The thermal analysis of the oil sand allows the indicate of three characteristic temperature points accompanied by a loss of weight. The first one was probably related to the loss of adsorbed water, the second one to the decomposition of C-H bonds, and the third to dehydration (and phase change) as confirmed by structural studies by FTIR.
•
The highest gas emission rate was recorded approximately 30 seconds after pouring molten metal and was about 1,8 cm 3 /g·s. The total volume of generated gases was approximately 122 dm 3 /kg.
Compared to other molding sands used in foundry, this material is characterized by the highest gaseous emissions and the highest harmfulness, because benzene emissions per kilogram of oil sand are more than 7 times higher than molding sand with furan and phenolic binders and green sand with bentonite and lustrous carbon carrier.
The research results discussed in this paper present an extremely unfavourable case when the entire volume of sample is gasified. So the situation in the real conditions in the foundry does not occur.
The sample based on oil sand was pouring with liquid cast iron at 1350°C, because it made it possible to compare the harmfulness of emitted gases with results obtained for other types of molding sands in the same conditions (Table 2) . It should be expected that during the casting of alloys with lower melting temperature (for example, aluminum alloys, where the pouring temperature, depending on the composition of the alloy, is about 700-800°C) the level of gases emission will be significantly lower.
